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ABSTRACT:

Background N-terminal pro—B-type natriuretic peptide (NT-proBNP) is a well-recognized biomarker of cardiac wall stress
and a strong predictor of adverse cardiac outcomes in patients with HF. Previous studies from community and hospital-
based settings have demonstrated its prognostic value not only for cardiovascular events but also in term of mortality.
However, limited evidence exists on the association between changes in NT-proBNP levels and the risk of HF

readmission among adult outpatients.

Methods: A retrospective cohort study was conducted on 560 out-patients adult aged >30 years had done NT-
proBNP measured at two separate visits. Clinical and laboratory data were collected from medical records, and patients
were followed for HF readmission events. Logistic regression was used to evaluate associations between NT-
proBNP and the risk of readmission; model was adjusted for age, sex, blood pressure, diabetes, renal function, and other

cardiovascular risk factors.

Results: A follow up was conducted retrospectively using medical record data over a median follow-up within 6 months,
patients with persistently elevated NT-proBNP or those whose NT-proBNP increased between two visits had a
significantly higher risk of HF readmission compared with those whose levels remained low. Even in adjusted
model, frequently high NT-proBNP was associated with a greater risk of readmission.

Conclusions: In this retrospective outpatient cohort, elevated or rising NT-proBNP levels were independently associated
with higher risk of HF readmission. Serial NT-proBNP measurement may serve as a practical tool for identifying high-
risk patients who may benefit from close monitoring and preventive strategies
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INTRODUCTION

Heart failure (HF) remains a major public health challenge from
many years, which affect over 64 million people worldwide
and contributing in substantial outcomes including morbidity,
mortality, and healthcare expenditure.® Hospital readmission
following an index HF hospitalization is recognized as an
indicator of disease progression, management, and risk
stratification at the time of discharge.? This emphasizes the
clinical importance of identifying strong predictive markers that
could promptly detect patients at high risk for adverse outcomes,
including re-hospitalization. HF defined as a clinical condition
consequently occur due to structural and/or functional cardiac
irregularities, leading to impaired ventricular filling or ejection,
often accompanied by elevated natriuretic peptides or evidence of
pulmonary or systemic congestion.® Although therapeutic
treatment has been advanced, but HF persistently cause recurrent
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hospital readmissions and poor long-term outcome and prognosis,
which accentuate the need of improving risk stratification and
monitor strategies.* In order to confirm HF, biomarkers are
essential. N-terminal pro-B-type natriuretic peptide (NT-proBNP)
is one of the most extensively validated biomarkers of myocardial
stress and cardiac dysfunction among the many biomarkers
currently used in clinical practice.> Ventricular myocytes release
this peptide in response to increased intra-cardiac pressures, wall
tension, and volume overload. Because NT-proBNP has a longer
half-life and is more stable than the active BNP peptide, it
functions as a stable marker. % ° It is essential for the diagnosis,
prognosis, and treatment of heart failure in both inpatient and
outpatient settings allow for accurate measurement during
hospital follow-up as well as at initial presentation.” In many HF
populations, elevated NT proBNP has been shown to be a
prognostic indicator for mortality, readmission, and major
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adverse cardiac events as well as a diagnostic marker to
differentiate HF from other causes and symptoms.®

The predictive value of serial NT-proBNP measurement has been
highlighted in recent studies; longitudinal changes in NT-proBNP
levels offer a more accurate representation of cardiovascular risk
and treatment response than a single baseline value.®*® Because a
single inconsistent reading may be caused by variations in the
clinical characteristics of the patient, such as age and renal
function, as well as the dynamic nature of cardiac stress that
cannot be fully captured by a single biomarker assessment.
Evidence suggests that isolated NT-proBNP values at the time of
hospital admission may have limited utility in predicting future
readmissions unless incorporated into additional clinical variables
or serial assessments that reflect temporal changes in
cardiac status. > ° In particular, Journal of American College of
Cardiology Heart Failure 2023 demonstrated that repeated NT-
proBNP measurements predicted outcomes more accurately than
a single test in patients with reduced ejection fraction.’
Similarly, Circulation reported in 2024 from the ARIC study that
elevated NT-proBNP was associated with long-term changes in
cardiac structure and function, among older adults even
without established HF. *°

NT-proBNP series measurements and changes over time have
drawn attention as potentially better prognostic tools because they
enable close monitoring of the patient's biological response to
treatment and changes in haemodynamic status. Compared to
baseline NT-proBNP alone, repeated NT-proBNP assessments
have  shown  stronger associations  with  subsequent
hospitalizations and mortality in longitudinal analyses of chronic
HF retrospective cohorts. Increases in NT-proBNP over time
have been linked to an increased risk of HF-related
hospitalization or death, and they frequently occur weeks before
clinical decompensation.® Furthermore, NT-proBNP variations
have been linked to outcomes, according to trial analyses;
patients who exhibit significant decreases in NT-proBNP during
treatment experience fewer cardiovascular events than those who
do not..*" ¥ NT-proBNP has been thoroughly investigated as a
predictor of cardiovascular mortality *°, but its role in predicting
HF-related re-hospitalization, a clinically significant outcome that
directly reflects disease progression and healthcare utilization has
received less attention. Future studies are still required to
determine the relationship between longitudinal changes in NT-
proBNP and particular outcomes, such as readmission related to
heart failure. Knowing how NT-proBNP varies between two
visits in relation to readmission risk may help identify high-risk
patients earlier and provide more individualized outpatient care
management. This retrospective study aimed to investigate
whether temporal changes in NT-proBNP levels, measured across
two outpatient visits, are associated with the risk of HF
readmission in adults because asignificant gap exists in
systematically evaluation that whether changes in NT-proBNP
could serve as an early warning for readmission risk. Because
serial NT-proBNP may have an impact on the adjustment of post-
discharge management and follow-up intensity, possibly
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preventing recurrent hospitalizations and improving patient
outcomes, this evidence gap has significant clinical implications.
Furthermore, knowing how NT proBNP changes over time
correlate with readmissions related to heart failure may improve
risk stratification models, guide individualized treatment plans,
and help manage heart failure with the best use of available
resources.

METHODS

Study Design and Setting

A retrospective cohort study has been done at the Karachi
Institute of Heart Diseases, in between January 2023 to December
2023.

Study Population

Adult patients aged >30 years with a clinical diagnosis of chronic
HF who attended the outpatient cardiology clinic during the study
period were screened for availability of at least two NT-
proBNP measurements obtained within 6 months during routine
follow-up visits, diagnosis of HF with mildly reduced ejection
fraction (HFrEF) or preserved ejection fraction (HFpEF)
according to 2021 European Society of Cardiology (ESC)
guidelines. >* On the other hand, recent acute coronary syndrome
(ACS) or decompensate HF (<3 months before baseline); severe
chronic kidney disease estimated glomerular filtration rate
(eGFR) <30 mL/min/1.73 m2); active malignancy or severe liver
disease; and missing essential clinical or laboratory data were
omitted from the present study. After exclusions, 560 subjects
were included in the final sample.

Data Collection Procedures

Data was retrieved from the patient’s previous record using a
standardized form. Two investigators independently verified all
entries. Baseline characteristics included: socio-
demographics: age, gender, and body mass index (BMI); Clinical
parameters: systolic and diastolic blood pressure(SBP/DBP),
smoking, New York Heart Association (NYHA) class,
comorbidities  (hypertension(HTN), diabetes mellitus(DM),
coronary artery disease(CAD); Laboratory data include NT-
proBNP, fasting glucose, serum creatinine, eGFR, total
cholesterol, triglycerides(TGs), and low-density lipoprotein
cholesterol (LDL-C); Echocardiography: left ventricular ejection
fraction (LVEF) and left atrial size; Medications: use of
angiotensin-converting enzyme (ACE) inhibitors, angiotensin
receptor blockers, beta-blockers, diuretics, and statins.>’
Height and weight were measured by using stadio-meter and BMI
calculated through standardized formula kg/m2. HTN defined as
a mean SBP >140 mm Hg, mean DBP >90 mm Hg, or self-
reported history. Similarly, DM defined as a hemoglobin A1C
>6.5% or self -reported history. Hypercholesterolemia defined as
>240 mg/dL total cholesterol or self- reported use of lipid-
lowering medication. History of CVD (congestive heart failure,
coronary heart disease, angina, heart attack, or stroke) diagnosed
by a health care provider. Chronic kidney disease was defined as
reduced eGFR.
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Outcome Definition

The primary outcome was HF readmission, defined as the first
hospitalization due to worsening HF symptoms confirmed by a
cardiologist and supported by objective findings such as
pulmonary congestion, elevated natriuretic peptides, or
echocardiographic evidence.*®

Outcome Definition

The primary outcome was HF readmission, defined as the first
hospitalization due to worsening HF symptoms confirmed by a
cardiologist and supported by objective findings such as
pulmonary congestion, elevated natriuretic peptides, or
echocardiographic evidence.™

Ethical Considerations

Current study was approved by the Institutional Review Board
(IRB) of Karachi Institute of Heart Diseases. Informed consent
was waived due to retrospective nature of the study and the
anonymous use of data.

Statistical Analysis

Continuous variables were tested for normality distribution using
the Shapiro-Wilk test. The paired t-test was used to compare
continuous variables between Visits 1 and 2, with each variable
being presented as mean * standard deviation (SD). The median
and interquartile ranges (IQR) are used to express continuous
variables that are not normally distributed. In contrast, categorical
variables are displayed as percentages and frequencies.

Baseline clinical characteristics of the 560 outpatients were
summarized at Visit 1 and Visit 2, and within-patient changes in
clinical and laboratory variables. Changes in NT-
proBNP between Visit 1 and Visit 2 were categorized into four
groups:<125,125-300, 301-900 and >900. HF related readmission
rates were compared across these NT-proBNP change groups.

To evaluate the independent association between changes in NT-
proBNP and HF readmission, multivariable regression
models were constructed. Odds ratio (OR) with 95% confidence
intervals (Cls) were reported. All statistical analyses performed
on IBM SPSS Statistics version 29.0 (IBM Corp, Armonk, NY),
with p< 0.05 considered statistically significant.

RESULTS
Table I: Baseline Characteristics of 560 outpatients according to visit
1 and visit 2
Characteristic Visit 1 % Visit 2 %
(n=560) (n=560)
Age yrs (Mean + SD) 58.7+£11.2 59.8 +11.3
Men No. (%) 298 53.2% 298 53.2%
Women No. (%) 262 46.8% 262 46.8%
HTN No. (%) 230 41.1% 252 45.0%
On antihypertensive 210 37.5% 226 40.4%
medicine
Systolic BP, 131.4+15.2 129.8 £ 14.6
mm Hg (Mean £ SD)
Diastolic BP, 786+94 77.9+8.9
mmHg (Mean + SD)
LDL 119.3+34.1 116.8 £33.2
TGs 156.8 + 70.1 151.4 £67.8
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On lipid lowering 122 21.8% 148 26.4%
medicine No. (%)

DM No. (%) 172 30.7% 188 33.6%
Fasting glucose 122.5+29.8 124.3 £28.¢

BMI 23.3+3.8 22.0+3.7

eGFR 83.6 +13.9 82.4 £13.7

Smoker No. (%) 74 13.2% 66 11.8%
NT-pro-BNP, pg/mL 185 (90-420) 260 (120-57!

(median [IQR])

Table 1 showed participants were divided into two groups based
on the changes occurred in between the two visits in term of
percentage and number. Categorical variable defined as in
number and percentage in contrary numerical data analyzed
through number and standard deviation.

Table 2. Differences in Clinical variables at Visit 1 and Visit 2

Characteristic Visit 1 Visit 2 P Value
(n = 560) (n =560)

Age, y (Mean * SD) 58.7+11.2 59.8+113 0.002

Women (%) 298 (53.2)  298(53.2) -

Men (%) 262 (46.8) 262 (46.8) -

Hypertension (%) 230 (41.1) 252 (45.0) 0.04

On antihypertensive 210 (37.5) 226 (40.4) 0.16

Medication (%)

Systolic BP, mm Hg 131.4+15.2 129.8+14.6 0.08

(Mean £ SD)

Diastolic BP, mm Hg 786 +£9.4 779+89 0.22

(Mean £ SD)

LDL-C, mg/dL 119.3+34.1 116.8+33.2 0.12

(Mean £ SD)

Triglycerides, mg/dL 152.6 £70.1 148.4+67.8 0.07

(Mean £ SD)

On lipid-lowering 122 (21.8) 148 (26.4) 0.03

medication, No. (%)

Diabetes, No. (%) 155 (27.7)  172(30.7) 0.045

Fastingglucose, mg/dL 119.4+30.2 121.8+29.7 0.08

(Mean £ SD)

Body mass index, kg/m? 26.1+3.9 258+3.8 0.07

(Mean £ SD)

eGFR, mL/min/1.73 m? 83.6+£139 824+137 0.07

(Mean £ SD)

Current smoking, No. (%) 74 (13.2) 66 (11.8) 0.39

NT-proBNP, pg/mL <0.001

(median [IQR])

185 (90-420) 260 (120-570

The demographic and clinical characteristics of the 560 patients
who were enrolled from the outpatient department during both
visits were compared and summarised in Table 2. The time
between two visits is reflected in the participants' slightly higher
mean age, which went from 58.7 + 11.2 to 59.8 + 11.3 years.
53.2% of the participants were female, making up more than half

1l4|Page



Correlation between changes in series of N-terminal pro—B-type Natri-uretic

of the cohort. Comparing the two visits, the incidence of HTN
rose from 41.1% to 45.

Table 3: Multivariable Regression between HF Readmission with
NT- pro BNP level changes

NT- Visit 1 Visit2 ~ Readmission Odds  95% P

pro- Patients  Patients Ratio Cl value

BNP  n (%) n (%) (OR)

<125 205 230 03 (1.7) 1 - -
(36.6) (41.1)

125- 150 135 04 (11.1) 2.35 1.6- <0.00

300 (26.8) (24.1) 52 1

301- 125 110 07 (13.6) 5.1 3.0- <0.00

900 (22.3) (19.6) 9.7 1

>900 80 85 09 (32.9) 8.4 4.4- 0.000
(14.3) (15.2) 15.1

Adjusted model: Age, sex, BMI, Systolic blood pressure, diabetes mellitus, HTN,
LDL-C, eGFR, smoking status, prevalent CHD

In multivariable regression, slight or higher increases in NT-
proBNP were independently associated with significantly higher
risk of 90-day HF readmission. Specifically, patients with > or
equal to 900 level had 8.4-fold increase risk of readmission
compared with patients achieving < 125 NT pro BNP level. The
multivariable model was adjusted for Age, sex, BMI, Systolic
blood pressure, diabetes mellitus, HTN, LDL-C, eGFR, smoking
status to control for potential confounders. After adjustment it has
been identified that patients with rising NT-proBNP between visit
1 and visit 2 had a significantly higher rate of HF readmission
compared to the reference group.

DISCUSSION

The present study investigated the association between changes in
NT-proBNP levels and HF readmission among outpatients. This
study is one of the few from South Asia to examine dynamic
changes in the two sets of NT-proBNP rather than single
measurements.  The  principal  findings demonstrated that,
outpatients exhibited worse cardio-metabolic profiles, those NT-
proBNP significantly increased levels between two visits and a
more than or equal to quarter rose in NT-proBNP was also
strongly and independently associated with HF readmission.
These findings provide similar evidence confirmed from previous
study that NT-proBNP changing level is an important prognostic
biomarker in outpatient cardiovascular management. Current
study results were consistent with previous studies specified the
predictive power of NT-proBNP in the prognosis of HF.*
Importantly, serial measurement of NT-proBNP offers greater
prognostic accuracy than a single baseline value.'® A recent meta-
analysis reported that repeated NT-proBNP monitoring
significantly associated with prediction of re-hospitalization and
mortality compared with single measurements.”

Furthermore, recent research indicates that it is important to
monitor changes in NT-proBNP rather than depending solely on
single time point values. Extensive research demonstrates that

Journal of Karachi Institute of Heart Diseases (JKIHD)

Peptide level with Heart Failure related Readmission

repeated pro-BNP measurements offer more information for
prognosis and can identify risk patterns that cannot be identified
by a single reading alone. The observation of a series of NT Pro-
BNP readings in outpatients with heart failure and a reduced
ejection fraction in the GUIDE-IT study highlighted that elevated
NT Pro-BNP levels predict clinical outcomes like hospitalisation
or death from cardiovascular events prior to a few weeks,
suggesting that elevated NT-proBNP levels are an early
biological indicator of impending clinical deterioration. As a
result, a sequence of readings rather than a single baseline value
guides serious clinical outcomes.® Constantly elevated NT-
proBNP levels directs neurohormonal activation and subclinical
fluid overload which is not directly linked as a symptom but
nevertheless has weightage of prognosis.’® Clinical relevance of
serial biomarker ~ monitoring highlights  through strong,
independent evidence based relationship between increase NT-
proBNP and HF readmission. As our study indicated that each
more or equal increase in quarter percent NT-proBNP was
associated with anearly threefold increase risk for HF
readmission, even after adjusting for age, sex, BMI, DM, renal
function, and blood pressure.

These results imply that NT-proBNP may function as a
decompensated heart failure early warning indicator. The NT-
ProBNP marker's trend series provides the clinician with
information about the patient's increasing risk profile. While its
levels can dictate the length of time and dosage of medical
therapy, this evidence supports the idea that NT-ProBNP guided
cardiac management.’® Another study aligns with data from the
GUIDE-IT trial, which showed that dynamic changes in NT-
proBNP during follow-up were strongly associated with future
HF hospitalizations, even after adjusting for different clinical
variables.” These findings could be directly implicated among
outpatient care in Pakistan and similar lower- and middle-income
countries. NT-proBNP testing is relatively affordable, minimally
invasive, and easily accessible, all facts make it a feasible tool for
outpatient monitoring.

Present retrospective cohort participants had elevated NT-
proBNP, were older, had a higher prevalence of DM and HTN,
and demonstrated slightly reduced kidney function. Similar to
retrospective study done in Romania found that HF with higher
NT proBNP level tends to have higher prevalence of DM and
worse renal function.!Although modest progresses found in
readings of blood pressure and lipid levels in between both visits,
but NT-proBNP continued to rise, suggesting ongoing subclinical
myocardial stress or diastolic dysfunction.

Mean BMI of this retrospective cohort’s was almost near normal
limits and higher prevalence of DM reflected previous evidence
based risk pattern suggested that cardio-metabolic risk occur at
younger ages and lower BMI levels among South Asian
populations, as compared to Western population.*®

Despite many evidences there is still a lack for standardized
pathway for serial NT-ProBNP and remains confined in many
guidelines and clinical setups due to variability in measurement
intervals, highest values for clinical action and characteristics of
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the admitted patients which influence levels of NT-ProBNP such
as age, renal condition or arterial fibrillation.?

Incorporating serial NT-proBNP assessments into follow-up
visits could guide for prompt intervention such as optimization of
diuretic therapy, patient’s medication adherence counseling, or
early referral for echocardiography for potentially preventing HF
related readmissions. European Society of Cardiology 2023
HF guidelines emphasize the importance of natriuretic peptide
monitoring for risk stratification and management of HF.*® Future
prospective cohorts with long-term follow-up should be
conducted to investigate the best timing and frequency of NT-
proBNP monitoring and to assess the significance of any changes
that might lead to an intervention. Prognostic accuracy may be
increased by including serial NT-proBNP in imaging marker
prediction models for left atrial strain, E/e' ratio, and other
biomarkers like high-sensitivity troponin and ST2. Furthermore,
the establishment of population-based NT-proBNP cutoffs
requires region-specific research, particularly from South Asia.
Moreover, the growing literature emphasized that dynamic NT-
proBNP assessment is more than a research tool, it represents a
practical, biologically grounded approach to improving
prognostic criteria and directing care protocol in chronic HF.
Continuous input is required to align the measurement practices
and define actionable thresholds will be essential to realize its full
clinical potential 2 *°

STRENGTH OF THE STUDIES

This study has numerous significant strengths; it has included
a comparatively huge number of outpatient cohort participants,
which enhanced the precision of estimation. NT-proBNP was
not depended on a single baseline value rather than it was
measured at two separate visits, which can strongly have allowed
the estimation of longitudinal changes. This method offers a more
clinically meaningful analysis of risk factors associated with
cardiovascular disease. The use of standardised methods for data
collection and statistical adjustment for significant confounders,
including age, sex, BMI, diabetes, renal function, and blood
pressure, improved the validity of associations. This was another
strength. The results of our study also added the important
regional-based  evidence that may improve global
generalizability, as Pakistan is part of the South Asian population,
which is frequently under-represented in biomarker research
despite having a high burden of cardio-metabolic disease.

LIMITATIONS

Although this study had several strengths but we found some
limitations as well. First of all, the study design we used in this
study was retrospective observational design which is not suitable
for conclusive causal inference. Although the statistical analysis
was adjusted for key confounders, unmeasured variables for e.g.,
medication adherence, socioeconomic status may have influenced
the results of study. Furthermore age, renal function, and body
composition can be affect NT-proBNP so residual bias cannot
be excluded.®> The sample of current study was drawn from a
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single tertiary center which limit the generalizability to broader
community settings. Finally, we only focused on readmission
rather than all-cause mortality; future research should be
evaluated both outcomes together to evaluate the complete
prognostic influence of series of NT-proBNP changes.

CONCLUSION

In conclusion, this study demonstrated that an evaluating series of
NT-proBNP levels has been shown a powerful predictor of HF
related readmission among outpatients which is independent of
cardio-metabolic risk factors. Series of NT-proBNP assessment
may offer a simple, accessible, and effective strategy to diagnose
individuals with high risk and prompt management may improve
long-term outcomes. Incorporation of assessing series of this
biomarker into routine cardiovascular care, particularly in regions
with  high cardio-metabolic burden will help in  prompt
management.
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